This investigation was carried in order to elucidate the response of pea (cv. Master pea) to various levels of Phosphorus fertilizer, i.e 45, 60, 75 and 90 kg as P 2 O 5 /fed. under three levels of irrigation water deficit (100% of common irrigation as control, moderate stress 75 % of common irrigation and severe stress 50 % of the common irrigation). Therefore, two field experiments were conducted in the Experimental Station, Faculty of Agriculture, Mansoura University during 2015 and 2016 in winter seasons. The results indicated that vegetative growth characters (plant height, plant fresh weight, branches number, leaves fresh weight, leaves number and leaves area) per plant, leaves chemical composition (N, P, K and chlorophyll pigments), pods yield and its quality (pods weight per plant, pods number per plant, seeds fresh weight per plant, 100 seeds fresh weight, seeds dry weight yield and pods yield per fed., Vit. C and TSS) and plant water relations (leaf relative water content and leaf membrane stability index) were decreased by increasing of irrigation water deficit. On the contrast, leaves and seeds dry matter % were increased by increasing of irrigation water deficit. On the other hand, water use efficiency is not affected with irrigation water deficit. With respect to the effect of phosphorus fertilizer rates, the data show that, the mentioned attributes were increased up to 60 kg as P 2 O 5 /fed then declined at and 75 kg as P 2 O 5 /fed. On the other hand, 45 kg as P 2 O 5 /fed gave the lowest values for most effective mentioned parameters. As for the interaction between irrigation water deficit and Phosphorus fertilizer rates showed that common irrigation and 60 kg as P 2 O 5 /fed combination recorded the maximum values for more effective mentioned characters. In addition, results showed that common irrigation or moderate stress treatments with Phosphorus fertilizer rates had insignificant differences for most effective previous parameters.
INTRODUCTION
Pea (Pisum sativum L.) is one of the most important and popular legume vegetable crops. It has a high content of protein, vitamins, carbohydrates, minerals. Also, it's important for human nutrition and soil fertility (Ashraf et al., 2011) .
Peas yield and its quality are affected with stress conditions which contribute to low productivity such as insects and other pests, disease, flooding, environmental conditions, soil problems especially low fertility, salinity and pH, chemical toxicity, ultraviolet radiation and water deficit (Jin et al., 2014) Among these stresses, water deficit is on the top, which limits the plant growth and productivity of peas. It has effects on photosynthesis, plant growth, agricultural crop production and quality. Pea seed yield reduction was positively related to decreasing of amount irrigation water reduction and reach up to40 -50% of seed yield (Dogan et al., 2015) . Several studies have shown that water deficit has been reported as key factor to limit plant growth, development, and morphological characteristics (plant height, leaves fresh weight and pods yield) of pea plant (Ashraf et al., 2011) . In addition, 100% of irrigation requirement gave the highest values of leaf area, pods weight per plant, seeds dry matter % of faba bean (Hegab et al., 2014 and Migdadi et al., 2016) . Moreover, several investigates have shown that seeds yield (ton/fed.) was decline with reduction of irrigation water for different crops such as cow pea Suliman, 2010 and Hayatu et al., 2014) . As well as, the highest branches, pods weight per plant and chlorophyll Content of common bean were recorded with 80 % of the potential evapotranspiration (ET) and the yield reduction has been achieved by decreasing irrigation water (Marzouk et al., 2016) . Also water deficit results in profound effects on nodulation and nitrogen fixation of common bean (Ndimbo, 2015) . On contrast, water use efficiency of rajmash (Phaseolus vulgaris L.) was increased with increasing irrigation water deficit (Nayak et al., 2015) .
Phosphorus is one of the most important nutrient elements. Its has a fundamental role in many of the plants physiological processes such as the benefit from sugar and starch, required in the synthesis of nucleic acids, phospholipids, ATP, photosynthesis and the transfer of energy. Furthermore, stimulates root and flower formation and accelerates maturity of crops. A lot of studies also mentioned earlier that the applying phosphorus (P) stimulates growth responses under water stress. Therefore, plants under water stress have a greater internal requirement for P to become more tolerate to water scarcity (Jin et al., 2014) . Phosphorus may be a critical restriction of legumes under shortage nutrient environments because there is a great need for P in the N 2 fixation process (Faisal, et al., 2000) Several studies have shown that, applied phosphorus at 40kg of P 2 O 5 ha -1 mitigation the negative impacts of water deficit and produced the biggest significant values of pods number per plant and seeds weight ha -1 on cowpea plants (Uarrota, 2010) . Also, using 90 kg P ha -1 was more useful for improving growth, yield and its components of mungbean plants under irrigated water deficit (Amanullah et al., 2016) . The highest nodule number, net return / ha and benefit cost ratio were recorded with the application of 75 kg P 2 O 5 /ha. of broad bean (Sarkar et al., 2017) .On the contrary, its deficiency leads to significant reduction in pods and seeds yield productivity of mung bean (Ali et al., 2010) and adversely affected the growth characters ( leaf area, leaves and pods number per plant, seeds number per pod, weight of 1000 seed and seed yield/ hectare in peas (Ashraf et al., 2011) . The P scarcity situation become worst under shortage of irrigation water that lead to reducing in affect fertilizer efficiency and great production of legumes crop (Hussein et al., 2012) . Therefore, fertilizer management becomes one of the important factors for crop productivity enhancement (Sakar et al., 2017) .
Therefore, a field experiment was undertaken to assess the ability of Phosphorus fertilizer to mitigation of the worst impacts of irrigation water deficit on growth and yield of pea.
MATERIALS AND METHODS
Two field experiments were carried out in the Experimental Station, Faculty of Agriculture, Mansoura University in the two winter seasons of 2015 and 2016 to study the impact of three levels of irrigation water deficit (without stress as control 100% from common irrigation, moderate stress 75 % from common irrigation and severe stress 50 % from the common irrigation and Phosphorus fertilizer, i.e 45, 60, 75 and 90 kg as P 2 O 5 /fed. on growth and yield of pea (cv. Master pea) grown under clay loamy soil conditions using surface improving irrigation system. The soil characters of the studied soil were determined (Table 1 ) from the top layer (0-30 cm depth). Seeds of peas which uniformity in size and shape were sown in the soil (moderately moisture approximately 60%) on 18 th and 15 th of October in both seasons, respectively in hills on three side of ridges which were (3 m length and 0.7 m in width), five to seven seeds were sown in hills. Each sub plot consists of five rows and the plot area was 10. 5 m 2 . Irrigation water deficit treatments were carried out, i.e common water irrigation without stress as control (100% of common water irrigation based on quantity for each irrigation time), moderate stress and sever stress 75 % and 50 % of the common water irrigation of each one).
Irrigation water amounts of were applied as 262 and 266 m 3 water/fed. in the two seasons, respectively, to all experimental units in equal dose during germination as furrow irrigation across water counter. Treatments irrigation water deficit were done three times every 22 days as improved furrow irrigation by using pipe 63 mm in diameter, amounts of water irrigation were presented in (Table 2 ) . All treatments received 20 m3/fed of farmyard manure was added during soil preparation, 120 kg N and 50 kg K2O kg/ fed. as urea (46.5 %), and potassium sulfate (50 % K2O), respectively. Urea and potassium sulphate were added in two split equal doses at 22 and 44 days after sowing.
Experimental design:
Experiments were laid out in in a split -plots design based on complete randomized blocks design with three replications. Treatments of irrigation water deficit were designation in the main plots, while phosphorus fertilization rates were customize in the sub plots.
Measurements:
Five plants were chosen randomly at 75 days after sowing from each sub plot to measure the following parameters in both seasons.
1-Vegetative growth characters:
Plant height, plant fresh weight, branches number, leaves fresh weight, leaves number, leaves area and leaves dry matter percentage per plant.
-Leaves chemical composition:
N, P and K %, chlorophyll a, b, carotenoids content were determined according to AOAC (1990) .
3-Pods yield and its chemical quality:
Pods weight per plant, pods number per plant, seeds fresh weight per plant, 100 seeds fresh weight, seeds dry matter percentage, Vit. C, TSS, seeds dry weight and pods yield per fed. were recorded at 85 days after sowing expect seeds dry weight (120 days after sowing).
4-Plant water relations:
Leaf relative water content (LRWC) and leaf membrane stability index were evaluated according to (Hayatu et al., 2014) , Water use efficiency (WUE) was measured according to (Jin et al., 2014) .
Statistical analysis:
All data were statistically analyzed by using the analysis of variance according to Snedecor and Cochran (1980) . Least significant difference (LSD) at the probability of 5 % was used as reported by Gomez and Gomez (1984) .
RESULTS AND DISCUSSION

1-Vegetative growth characters:
Data presented in Table 3 showed that vegetative growth attributes (plant height, plant fresh weight, branches number per plant, leaves fresh weight per plant, leaves number /plant and leaves area /plant were significantly reduced by application of irrigation water deficit treatments. The maximum values of the mentioned attributes were recorded with common irrigation followed by moderate stress (75 % from common irrigation) treatment, the minimum values were obtained after using sever stress (50 % from common irrigation). On contrast, the highest leaves dry matter percentage values were achieved with sever stress treatment (50 % from common irrigation). On contrast, the lowest values were achieved with application of common irrigation in both seasons.
Such increases in case of control treatment can be due to that available a lot of water enhancement nutrient availability resulting in improving macro-and micro-elements absorption and transport. But, the decreasing in previous parameters may be due to the scarcity of cells growth, elongation and development in plant organs especially in stem and leaves. There for, the effect of water deficit stress can be revealing in smaller leaves or plant height, decline in leaf area, light absorption and reduction in of photosynthesis which reflected negatively on plant growth parameters. These results are in agreement with the findings of Hegab et al. (2014) on broad bean and Dogan et al. (2015) on peas. Concerning the effect of phosphorus fertilizer rates (kg as P 2 O 5 /fed.), results in Table 3 show that the characters mentioned previously were increased gradually until 60 kg P 2 O 5 /fed. then decline. On contrary, the minimum values were noticed with by using 45 kg P 2 O 5 /fed. treatment in both seasons. Improvement in vegetative growth parameters could be due to Phosphorus application might have adverse action to the water deficit stress effects. Phosphorus application might have increased the photosynthetic activities and transportation of photosynthates. Also, its plays an indispensable role within the energy storage and transfer in the form of adenosine triphosphate ATP, adenosine diphosphate ADP as well as deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). It also, stimulates root formation, cell wall division, synthesis of starch, fat and in fact most biochemical activities like amino acid synthesis and increasing the efficacy of other nutrients which might be resulted in higher vegetative growth. These results are in accordance with those reported by Ashraf et al. (2011) on peas and Sakar et al (2017) on broad bean.
As for the interaction between irrigation water deficit and phosphorus fertilizer rates effect on pea plant, results in Table 3 show that the combination common irrigation (control) treatment and 60 kg P 2 O 5 was found to be the best as indicated by previous parameters, hence recorded the highest values. On contrary the minimum values were recorded by application of sever stress application (50 % from common irrigation) and 45 kg P 2 O 5 . These results are in agreement with those obtained by Ali et al. (2010) on mung bean; Tayel and Sabreen (2011) on broad bean and Hussein et al. (2012) on cowpea.
2-Leaves chemical composition parameters:
Results in Table 4 clear that decreasing irrigation water deficit led to significant increases in N, P, K, chlorophyll a, chlorophyll b, carotenoids content, in of pea leaves. The common irrigation gave the maximum values of the mentioned characters followed by moderate treatment (75 % from common irrigation). In addition, no significant differences were noticed between the common irrigation and moderate treatment for previous attributes. On contrast, the minimum values were obtained by sever treatment (50 % from common irrigation) in the two seasons.
These results may be attributed to that irrigation water deficit lead to retarding of nutrients uptake and transports, failed of absorb more valuable nutrient elements by the roots, reducing in the content leaf of mineral due to a decreasing in roots formation. These data explain positive correlation among water deficit stress treatments and chlorophyll pigments and carotenoids content. This ameliorate in mentioned pigments may be due to increasing of macronutrients uptake, especially N and Mg elements by increasing water irrigation, whereas N and Mg elements are basic for chlorophyll pigments synthesis. The obtained data are in accordance with those reported by El-Noemani et al. (2010) and Ndimbo et al. (2015) on common bean. Results in Table 4 cleary indicated that mentioned characters were significantly affected with application of phosphorus fertilizer rates (kg as P 2 O 5 /fed). The addition of phosphorus fertilizer at rate 60 kg as P 2 O 5 /fed. gave the biggest values. On contrary, the smallest values were recorded with 45 kg as P 2 O 5 /fed.in first and second seasons. This may be due to reactive oxygen species (ROS) has destructive impact for chlorophyll pigments under water deficit. Phosphorus decreases the worst influences of (ROS) on chlorophyll by enhancement antioxidant systems, increasing of cell division and elongation. Also, its plays an indispensable role within the energy storage and transfer in the form of adenosine triphosphate ATP, adenosine diphosphate ADP as well as deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). In addition, stimulates root formation, cell wall division, synthesis of starch, fat and in fact most biochemical activities like amino acid synthesis and increasing the efficacy of other nutrients which might be resulted in higher increasing in mineral content and photosynthesis. These results are in harmony to those reported by Kandil et al. (2013) Regarding the interaction between irrigation water deficit and phosphorus fertilizer rates, data indicated in Table 4 show that all mentioned attributes measurements significantly responded to the interaction treatments, the maximum values were achieved with by using common irrigation and 60 kg P 2 O 5 /fed., On the other hand, the minimum values were recorded with sever application (50 % from common irrigation) and 45 kg P 2 O 5 /fed in the two seasons. In addition, no significant differences were noticed between common irrigation or moderate treatments with phosphorus fertilizer. Ashraf et al. (2011) on pea and Marzouk et al. (2016) on snap bean came to similar conclusion.
3-Pods yield and its chemical quality:
Obtained data of Tables 5 indicate that irrigation water deficit were affected significantly, on pods weight per plant, pods number per plant, seeds fresh weight per plant, 100 seeds fresh weight, seeds dry weight and pods yield per fed.. The common irrigation gave rise to the highest values of the previous attributes followed by moderate stress treatment (75 % from common irrigation), Also, insignificant effect differences were observed between the common irrigation and moderate treatment for mentioned parameters. On contrast, the lowest values were recorded with sever stress treatment (50 % from common irrigation) in the two seasons. . These results may be water deficit lead to increasing ROS which resulted in death of cells due to interaction with vital membranes, proteins and DNA, RNA. In addition, increasing of abscisic acid and ethylene production. On contrast, decreasing in cell turgidity, opening stomata, photosynthesis, CO 2 assimilation, nutritious elements uptake, N 2 fixation, gibberellins and cytokinins all will caused shortage of chlorophyll pigments content in plants which could be of great effect on vegetative growth and yield. The similar findings were reported with Faisal et al. (2010) and Hayatu et al. (2014) on cowpea and Ouji et al., (2017) on faba bean. Data shown in Tables 5 indicated that the influence of the moderate dose 60 kg P 2 O 5 /fed. of phosphorus fertilizer was registered the maximum values of the previous attributes followed by 75 kg P 2 O 5 /fed. On contrast, the minimum values of these parameters were achieved with 45 kg P 2 O 5 /fed. in the two seasons. This improvement in the yield and its component of pea may be Phosphorus application results in increasing of vegetative growth, N.P.K and chlorophyll leaves content (Table 3 and   4) . Also, phosphorus might have increased the photosynthetic activities and translocation of photosynthates to sink, stimulate growth and initiate nodule formation. Also, its importance as energy storage and transferee necessary for metabolic processes. In addition, faster cell division and meristematic activity due to availability phosphorus which is the constitute of amino acid, protein, chlorophyll, and protoplast which enhance the photosynthetic and rhizobia activity in the plants, stimulate initiate nodule formationand N 2 fixation process which might be resulted in higher vegetative growth parameters then reflected to increasing of seed and pods yield. It also aids in flower initiation, seed and fruit development. These results are in the same trend with those recorded by Chaudhari et al. (2008) on French bean; Uarrota et al. (2010) on cowpea and Atif et al. (2014) on pea.
Also, the results in Table 5 show that the interaction between the two studied factors had significant effects on previous parameters in both seasons. The highest values were achieved with combination of common irrigation and 60 kg P 2 O 5 /fed. On contrast, the lowest values were observed with sever treatment (50 % from common irrigation) and phosphorus fertilizer at 45 kg P 2 O 5 /fed. in both seasons. Also, insignificant differences effects were registerated between common irrigation or moderate treatments with phosphorus fertilizer rates. Similar findings were found by Ashraf et al. (2011) 
4-Plant water relations:
Tabulated data in Table 6 show that the irrigation water deficit significantly effected on seeds dry matter percentage, Vit. C, TSS, leaf relative water content %, leaf membrane stability index and water use efficiency except water use efficiency. The presented data show that increasing of irrigation water deficit led significantly to increases seeds dry matter percentage in both seasons of study. The highest values were notice with sever treatment (50 % from common irrigation). On contrary, the lowest values were registered with common irrigation. On the other hand, Vit. C, TSS, leaf relative water content % and leaf membrane stability index were decreased by increasing of irrigation water deficit, the maximum values were observed with common irrigation while the minimum values were achieved with sever treatment (50 % from common irrigation), Also, insignificant effect differences registered between the common irrigation and moderate treatments. These results may be due to that irrigation water deficit led to increasing production of abscisic acid and ethylene. Reducing uptake of nutritious elements, production of cytokinins and gibberellins which led to low roots formation, the stomata should be closed to avoid water shortage. Moreover, full irrigation to plants resulted in keep higher water content in plant tissues. Irrigation water deficit lead to the membrane damage and release of ions from the cell to extra cellular space and lipid peroxidation. Obtained results are in the same line with those recorded by Dogan et al. (2015) on pea; Nayak et al. (2015) and Marzouk et al. (2016) on snap bean. Table 6 indicated that application of phosphorus fertilizer rates have significantly effect on mentioned previous parameters. The addition of phosphorus fertilizer at rate 60 kg as P 2 O 5 /fed. recorded the highest values, but the lowest values were noticed with 45 kg as P 2 O 5 /fed.in both seasons. This may be attributed to (ROS) has destructive impact for chlorophyll pigments under water deficit (Table 4) . Phosphorus decreases the worst effects of (ROS) on chlorophyll by enhancement antioxidant systems. Increasing of cell division and elongation. Also, its plays an indispensable role within the energy storage and transfer in the form of adenosine triphosphate ATP, adenosine diphosphate ADP as well as deoxyribonucleic acid (DNA) and ribonucleic acid (RNA). In addition, stimulates root formation, cell wall division, synthesis of starch, fat and in fact most biochemical activities like amino acid synthesis and increasing the efficacy of other nutrients which might be resulted in higher increasing in mineral content and photosynthesis which reflected on quality of seeds and plant water relations. These finding are similar to those obtained by Hussein et al. (2012) Data presented in Table 6 show that the combination effects between irrigation water deficit and phosphorus fertilizer rates, results revealed that all mentioned attributes measurements significantly responded to the interaction treatments except water use efficiency. The highest values of seeds dry matter percentage were notice with sever treatment (50 % from common irrigation) combined with 60 kg P 2 O 5 /fed. On contrary, the lowest values were recorded with common irrigation and 45 kg P 2 O 5 /fed. On the other hand, Vit. C, TSS, leaf relative water content % and leaf membrane stability index were recorded the maximum values by using common irrigation with 60 kg P 2 O 5 /fed. while the minimum values were recorded with combination consist of sever treatment (50 % from common irrigation) and 45 kg P 2 O 5 /fed., Also, insignificant effect differences recorded between the common irrigation and moderate treatments. Hegab et al. (2014) on faba bean; Hayatu et al. (2014) on cow pea; Ndimbo et al. (2015) on common bean and Marzouk et al. (2016) on snap bean were found the same trend.
CONCLUSION
It was concluded from this investigate that phosphorus application under different irrigation water deficit levels has potential to alleviate the adverse impacts of water stress and to fully to benefit from the existing abiotic conditions and express maximum growth, yield and quality criteria as compared to water stressed conditions. Moderate dose of phosphorus (60 kg/fed.) under unstressed application gave the highest vegetative growth and crop yield. Also, application of phosphorus under different irrigation water deficit is basic to achieve maximum growth and yield of pea plants and to reduce the worst effects of water stress. In addition, insignificant effect differences observed between the common irrigation and moderate treatments. Therefore, the combination of moderate stress treatment (75% of common irrigation) and moderate dose of phosphorus 60 P 2 O 5 /fed. is recommended for pea grown under loamy soil conditions using surface irrigation system for obtain the highest pods yield and quality.
